The variation in temperature on the island of Gran Canaria is studied using the method applied to the nearby island of Tenerife [1]. An upward warming trend of 0.09˚C ± 0.05˚C (α = 0.01) was seen from 1946 to date, which has accelerated since the seventies to 0.17˚C ± 0.10˚C (α = 0.01). The increase was higher at night (0.11˚C ± 0.05˚C) than by day (0.08˚C ± 0.06˚C), so the temperature range decreased slightly. These values are similar to those of Tenerife and the time series of anomalies for the two islands are highly correlated. On the coast the same relationship to the sea surface temperature was found as in Tenerife, but in the mid-altitude areas to windward, some differences were detected that are hypothetically attributable to the different relief of the two islands.
Introduction
The climate change affecting the planet is also evident in the Macaronesian archipelagos. Studies of the Azores, Madeira, Cape Verde and the Canary Islands and its marine environment [1] [2] [3] [4] [5] provide evidence of this, focusing on how temperature has varied over the last century and the present one. The region shares an upward tendency, which has become stronger since the mid-seventies.
Studies of trends in land temperatures in the Canary Islands have focused on the island of Tenerife [1, 2, 6] and show a warming consistent with the estimate for the Northern Hemisphere, if we take into account the geographical location of the Canaries and the tempering effect of the ocean. According to Martín et al. (2012) [1] , the temperature on Tenerife increased since 1944 at a rate of 0.09˚C ± 0.04˚C/decade and since 1970 this has accelerated to 0.17˚C ± 0.04˚C/decade. Warming was greater in the minima than the maxima, and on the summit above 2000 m a.s.l., it was greater than on the rest of the island, and also in the windward mid-altitude areas exposed to the prevailing winds, than similar leeward areas. The global circulation may exert greater influence on the warming in the high mountains [7] and the sea temperature on the coast air temperature [8] , while in the windward mid-altitude areas the main factor is the local effect of the trade winds [1] and heated air invasions from Sahara during dust outbreak events [9, 10] . Trends in sea surface temperature (SST) also show that warming of the sea surrounding the archipelago is higher as we move southward [4] .
The circumstances of each island, and its location in the longitudinal/latitudinal gradient of SST, altitude or terrain, etc., could lead to changes in the magnitude of the trends, so it is interesting to see whether the pattern observed for Tenerife applies to neighbouring islands. Gran Canaria is the only one besides Tenerife that has a network of weather stations dense enough to assess its warming. From the geomorphological point of view, it does not reach such a high altitude as Tenerife and its relief is somewhat different. However, it is equally mountainous and also has a pyramidal structure, making it suitable for comparison purposes. Our general aim was therefore to analyse the temperature on this island in order to compare the results with data from Tenerife. For this purpose we have to: 1) accurately calculate annual and monthly trends in overall temperature on Gran Canaria, considering the unique relief of the island, and 2) determine how these trends are distributed locally and may be affected by the orientation (aspect) of the slopes and the warming of the sea surface.
Gran Canaria
The Canary Islands are located in the southeastern sector of the North Atlantic, roughly between 27˚ to 29˚N and 14˚ to 18˚W (Figure 1 ) They are very close to the African continent, with a very different climate than would be expected at their latitude, thanks to the powerful influence of the dominant northeast trade winds associated with the Azores High Pressure Area [11, 12] and often a very steep relief. Climatically the north, exposed to the trade winds, is wetter than the south, to leeward, particularly at mid-altitudes where the influence of such winds frequently leads to a stratocumulus layer known locally as the "sea of clouds", typically varying between 800 and 1600 m a.s.l. in height. The ceiling of these clouds is defined by a temperature inversion layer which is seasonally variable in altitude and thickness [11, 13] . The cloud bank normally lies at between 1200 and 1600 m but in the months of July and August often descends to 800 -1000 m [14] . This vertical structure of the troposphere only disappears under unstable air currents or occasionally on days with advections of air masses from the nearby Sahara.
Methodology
To measure the warming in Gran Canaria we tried to cover the widest climatic diversity and optimize the data quality using a specific statistical treatment focused on 
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A. LUQUE ET AL. 22 detecting trends. After analysis of the temperature series based on their location, altitude and orientation, length and complementarity between stations, we selected the 26 weather stations in Table 1 . They are all managed by the State Meteorological Agency (AEMET).
Although the baseline data were daily readings, for the purposes of this study they were grouped into monthly series of maxima and minima. These were corrected for anomalous values (outliers), gaps were filled and inhomogeneities adjusted. For this we used the Standard Normal Homogeneity Test (SNHT) [15, 16] and the Pettitt test [17] , according to the methodology detailed in Martín et al. (2012) [1] . The annual series were obtained from the average of the monthly series. The trend was obtained from climate anomalies derived from differential temperatures relative to the baseline period 1970-1999. For all series of anomalies, the linear regression and level of significance were calculated according to Spearmann's rank test [18] . The data from various stations were grouped by averaging and adjustment of variances after the approach developed by Osborn et al. (1997) [19] and the statistical significance of linear trends was assessed, accounting for temporal autocorrelation following the method of Santer et al. (2000) [20] . 
Meteorological Stations
The weather stations used are distributed geographically by areas as shown in Figure 1 . Only 11 of the 26 stations were utilized, the others served as support in the gapfilling or correction processes ( (Figure 1 ). The series from the stations in the sectors between 400 m and 1200 m a.s.l. on the southwest (SW) slope (sectors K and L in Figure 1 ) were too short to allow trend analysis, so they were only used as support in adjusting the other stations. The longer station series ranged from the mid-1940s in two cases (sector E between 0 and 400 m NE, and sector G between 800 and 1200 m NE), the beginning of the 50s in one (sector J between 0 and 400 m SW), the early sixties in another (sector H. mountain zone between 1200 and 1600) and the late seventies in the last (sector F between 400 and 800 m NE).
The vertical section of the island in Figure 1 shows the altitudinal belts each corresponding to 400 m of height, which also identifies the sectors in the study. The temperature series of the different stations analysed had widely variable lengths and frequent breaks ( Table 1) .
However the groupings performed within the same altitudinal belt provided higher quality series. When data from different belts were pooled into reference series due to similar orientation and/or altitude, further improved quality and longer series were achieved. These in almost all cases stretched from 1946 to 2010.
The series from each individual sector were obtained from the simple average and adjustment of variances for the stations included in them. Those combining several sectors resulted from the average weighted as a function of the surface area of each sector and the variance adjustment. The windward reference series was built up from the series E and F, the leeward solely from J, the high mountain series G and H, and finally the reference series for the whole island was obtained from E, F, G, H and J.
Results
596 monthly values were added in the 312 series of maximum temperatures (26 stations × 12 months) and 432 minima, taking as reference the best correlated monthly series. Most of these additions were made in the November and December maxima and the February and March minima. Jump inhomogeneities were detected in 59 series of maxima and 78 of minima from the 11 stations used for obtaining the final reference series.
Inhomogeneities were detected in all months in both the maxima and minima, but especially in the maxima of March, June and December. Stations in the reference zone of sector E (0 -400 m a.s.l., N) had the highest number of inhomogeneities. A relative homogenization was undertaken in the series C658K (Santa Brigida municipality, sector F), based on previously homogenized stretches of the data from C649I (Gando, Las Palmas airport).
The series of anomalies with respect to the 1970-1999 baseline period of mean temperature for the island showed an upward growth trend of 0.09˚C ± 0.05˚C (α = 0.05) per decade between 1946 and 2010 ( Table 2 ). This trend was even more pronounced in 1970-2010 (0.17˚C ± 0.10˚C/decade) (Figure 2) , similar to that obtained for the neighbouring island of Tenerife in the same periods [1] .
Maxima and minima behaved asymmetrically (Figure Table 2 . Decadal rate of warming in annual temperature series ( * α = 0.01; ** α = 0.05, ns not signif.).
T ave T max T min DTR Whole island Series E + F + G + H + J
˚C/decade ˚C/decade ˚C/decade n.s. The trends in average temperature were different in the mountain sectors (G + H) and near the coast ( Table 2) . In the latter, the warming measured since the mid 20 th century was greater to leeward (sector J) than windward (sectors E + F). In mountain areas (G + H) a significant trend was only found from 1970 on, so comparisons with the coastal areas are limited to this period, in which warming was greater to leeward (0.21˚C ± 0.19˚C/decade) and mountains (0.16˚C ± 0.16˚C/decade), in that order, than in the windward coastal sector (0.10˚C ± 0.10˚C/ decade).
The temperature on land has an annual cycle with its highest values in August and lowest in January. The monthly temperature evolution shows a mild warming for the whole island (Table 3) , most noticeable at the beginning of spring (March), in October and especially in December (0.13˚C ± 0.09˚C/decade). The maxima only show significant trends in June and principally in December (0.16˚C ± 0.12˚C/decade), while the minima rise every month, but especially in March (0.18˚C ± 0.11˚C/ decade) and October (0.15˚C ± 0.08˚C/decade). The increase in the máxima of December could be related to the intrusion of warm air from North Africa described by Nakamae & Shiotani (2013) [10] for the northern winter. The temperature range tended to decrease, although in many months the trend was not statistically significant.
The trend in the SST was derived from data between 1948 and 2010 from the reanalysis of the National Centers for Environmental Prediction (NCEP) and National Center for Atmospheric Research (NCAR) [21] * that the sea temperature followed an annual cycle characterized by its movement with respect to land in one or two months, due to the thermal inertia associated with the different specific heat of oceanic and continental surfaces. Thus the highest temperature occurs in September or October, and the lowest in February-March. The trend from 1948 to 2010 showed a faster warming in the months of September to January, especially in October, November and December. In these three months, along with January and February, the SST during 1970-1999 was equal to or greater than the average temperature in the same period on land in sector J (coast).
Analysis and Discussion
Since 1946, both Gran Canaria and Tenerife had seven of their ten warmest years in the two latest decades and seven of the ten coldest years in the two earliest decades. The warmest year on both islands was 2010. Gran Canaria showed a warming pattern similar to Tenerife, as shown by the high correlation between the annual and monthly series of the two islands (≥0.8) and the similarities in the temporal variations. Both had a mild warming in the sixties and a cooling in the seventies, and thereafter another temperature rise that has gradually accelerated up to the present. Global models generally show greater warming in the early forties followed by a gentler one in the sixties [22, 23] , but the data set analysed in the Canaries does not reach back so early. In addition, maxima and minima in the two islands showed asymmetric behaviour with a greater increase in nighttime temperatures, coinciding with the observed worldwide trends [24] . The cooling in the seventies coincides with reduction in received solar radiation and resultant global dimming through excess sulphur emissions, and has been described on a global scale [25, 26] and in the Canary Islands [2] . Similarly the warming in the eighties reflects a worldwide pattern associated with an increase in atmospheric transparency [27] , also found in the Canaries [2] . Precisely this pattern supports the hypothesis that the current warming could be greater than the apparent, as it seems to be cushioned by a certain amount of cooling due to atmospheric pollution [28, 29] . Finally, there was also a slight chill in the early nineties, coinciding with falling temperatures in tropical and subtropical zones of the planet due to the eruption of Mt. Pinatubo [30] (McCormick et al., 1995) .
Despite these correspondences between the temperature records of Tenerife and Gran Canaria, there are also differences such as the dissimilar temperature behaviour on the windward slopes of the two islands. Regarding Tenerife, it was postulated that warming at between 400 and 800 m above sea level (sector F) was augmented by an increase in cloud cover preventing nocturnal infrared radiation escaping into the atmosphere, thus raising the average value of the minima [1] , and a similar situation has been observed in other mountainous islands like Cy-prus [31] . Marzol has shown empirically in Tenerife that the windward fogs caused by the trade winds are more frequent at night than day [13, 32] . Although probably also the case on Gran Canaria, the lack of measurements of cloudiness in the mid-altitude areas of this island hinders confirmation of this; we can only extrapolate from the temperature behaviour in each sector.
Sectors E + F of Gran Canaria showed no asymmetry between minima and maxima like that observed in Tenerife for the corresponding area, while the band formed by sectors G + H at higher altitudes displayed similar behaviour of the minima to "E + F" of Tenerife, at lower altitudes. It seems that the G + H band of Gran Canaria behaves similarly to E + F of Tenerife in terms of day/ night temperature asymmetry. The lack of data for Tenerife prevents comparing the G + H sectors of the two islands, but we can venture that this altitudinal mismatch is caused by the different relief of the islands, since the windward slopes of Gran Canaria generally have a gentler gradient than those of Tenerife (Figure 3) . If the stratocumulus layer were confined to the proximity of the slopes, coastal sectors (E, F) could be outside the cloud coverage or at least under a thinner cloudbank, less effective in stopping infrared radiation. The stratocumulus would surround and cover sectors further inland such as G and H (Figure 3) . Furthermore, the windward sectors in Tenerife are well defined by the relief, while they are much more diffuse toward the south on the eastern coast of Gran Canaria and to the west on the northern coast. The importance of local topography delimitation of areas affected by the fog has already been pointed out by several authors [13, 33] .
Jin-Jia et al. (2011) [34] argue that the SST plays a key role in global warming, so it could function as a regulator of land temperatures. Numerous publications confirm the warming of the ocean surfaces, and specifically the North Atlantic [35] . This heat increase in the SST should be reflected on land, especially in coastal areas. Indeed, Martín et al. (2012) [1] showed that the nearer the land sectors of Tenerife are to the coast, the closer their warming was to that of the sea surface. For Gran Canaria, a good correlation was obtained (≥0.8) between the SST for the months of November, December and January taken together, and the average temperature of the same months for sector J on land, and also with the six months of greatest warming in the sea. This clearly shows the relationship between the sea-surface and land temperatures. The warming trend in sector J of Gran Canaria was slightly higher (0.11˚C ± 0.09˚C/dec ade) in the sector J of Tenerife (0.09˚C ± 0.05˚C/decade), which may be associated with its more southerly position. As Santos et al. (2012) [4] demonstrated, the upward thermal trend in the SST increases southward in the region.
Conclusion
Our study corroborates for Gran Canaria the warming observed previously on Tenerife, reinforcing the measurements made in this area of the Atlantic for the column of the lower troposphere from the coast to the high mountain zone around 2000 m a.s.l. Despite orographic differences between the two islands, the temperature 
OPEN ACCESS ACS
A. LUQUE ET AL.
27
trend reflects both the high and low temperatures typical of global climate variations and maintains a similar upward trend in line with the rest of the world. This in turn contributes additional soundness to the statistical results. The hypothesis of the role of clouds in middle altitude warming on windward slopes observed in Tenerife could not be confirmed for Gran Canaria. It can however be argued that the difference derives from the islands' contrasting relief and its relationship with the stratocumulus layer. Finally, changes in the land temperature near the coast were well correlated with sea temperature.
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